Abstract. Autoantibodies against cancer-related antigens may be detected in the sera of patients with various types of cancer, although their clinical utility has not yet been established. In this study, we aimed to demonstrate the diagnostic relevance of autoantibody detection against inhibitor of apoptosis protein (IAP) family members in colon cancer, as compared to anti-p53 antibody, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9. We established an ELISA system using original recombinant proteins of IAP family members (survivin, livin and X-linked IAP) and measured the expression levels in the sera of 62 healthy donors, 250 patients with colon polyps (adenoma) and 176 patients with colon cancer. When the cutoff value was set as the mean value + 2 standard deviations in healthy donors, anti-survivin exhibited the highest positivity rate (24.4%) among IAP autoantibodies in cancer patients. Furthermore, the anti-survivin antibody exhibited a high positivity rate in early-stage carcinoma and adenoma. In the combination assay, reflecting the significantly high positivity rate of CEA in stage IV tumors, the positivity rate was highest when combining the detection of anti-survivin antibody and CEA in cancer patients (50.0%), indicating that this combination may not be useful for the diagnosis of early-stage cancers. By contrast, reflecting the complete independence of anti-survivin and anti-p53 antibodies, the combination of detecting these two antibodies resulted in the highest positivity rate (35.6%) in early-stage disease (stage 0-I). These results suggest that the combined measurement of anti-survivin and anti-p53 antibodies may be useful for the detection of early-stage colon cancer.
Introduction
Previous studies have demonstrated that inhibitors of apoptosis proteins (IAPs), such as survivin, livin and X-linked IAP (XIAP), are expressed in high concentrations in various cancers and hematological malignancies (1) (2) (3) (4) . In addition, survivin acts not only as an anti-apoptotic factor, but also plays an important role in cell proliferation and escape from the immune surveillance system via the induction of human telomerase reverse transcriptase and Fas ligand (5, 6) . Other members of IAPs, particularly livin and XIAP, play distinct roles in various types of cancer (7, 8) . Consequently, these facts suggest that detection of IAPs may be useful as tumor markers. However, tissue specimens or cells are required for the detection of IAP mRNA or proteins and, therefore, the clinical utility of this detection method is limited.
Several studies demonstrated the presence of autoantibodies against various cancer antigens in the peripheral blood. We also previously reported that autoantibodies against survivin and livin were detected in patients with gastrointestinal, lung, breast and hepatic cancers (9) (10) (11) (12) (13) . Other studies also reported survivin autoantibody positivity in various cancers (14) (15) (16) (17) (18) . However, there have been no comprehensive studies establishing an ideal detection combination regarding IAPs and other tumor markers. Furthermore, IAP positivity in patients with precancerous conditions remains unknown. Therefore, we targeted colon cancer and adenomas and investigated the positivity of autoantibodies against survivin, livin and XIAP, as well as the presence of anti-p53 antibodies (19, 20) , carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9). In order to determine the ideal assay for the detection of colon cancer, we compared the positivity rates of several combinations of these markers.
Materials and methods
Patients. Blood samples were collected from 250 patients with untreated colon adenoma and 176 patients with untreated colon cancer at the Sapporo Medical University Hospital and related hospitals. Histological diagnosis was performed by expert Diagnostic relevance of autoantibody detection against inhibitors of apoptosis proteins in colon cancer and colon adenoma doctors at a pathology center. As a control, blood samples were collected from 62 non-hospitalized adults without any malignancy. Informed consent was obtained from all the blood donors. Following blood centrifugation, the sera were divided into aliquots and stored at -80˚C. The patients with colon cancer were diagnosed with stage I-IV tumors on the basis of the Union for International Cancer Control TNM classification guidelines (21) . ELISA. Purified recombinant survivin (1 mg/l), livin (5 mg/l) and XIAP (1 mg/l) were used as antigens for coating wells in ELISA, which were placed in the wells of 96-well plates (Corning, Corning, NY, USA) and incubated overnight at 4˚C. After removing the antigen solutions, the plate was washed with Block Ace™ (Dainippon Sumitomo Pharma, Inc., Osaka, Japan) and the plates were blocked using Block Ace for 2 h at room temperature. After emptying the wells and washing 4 times with 0.5 ml̸l Tween-20 [T-phosphate-buffered saline (PBS)], 100 µl of diluted serum sample (1,000-fold) in 4-fold diluted Block Ace by PBS was added to each well and incubated for 1 h at room temperature. The samples were then removed and the wells were washed 4 times with T-PBS, after which of rabbit anti-human IgG (1:6,000 dilution) conjugated with horseradish peroxidase (Dako, Carpinteria, CA, USA) was added to each well and incubated for 30 min at room temperature. Following removal of this antibody solution and washing 4 times with T-PBS, each well was developed using tetramethylbenzidine (TMB). After a 30-min incubation in darkness, the reaction was stopped by adding 0.5 mol/l H 2 SO 4 and absorbance was measured at 450/620 nm using EVOLIS™ system (Bio-Rad, Hercules, CA, USA). The measured absorbance was converted to values using the standard curve. The measurement of the anti-p53 antibody was performed using the MESACUP™ anti-p53 test kit (Medical and Biological Laboratories, Co., Ltd., Nagoya, Japan) according to the manufacturer's instructions.
Measurement of concentrations of CEA and CA19-9.
The serum concentrations of CEA and CA19-9 were measured by the reagent ECLusys ® CEA (Roche Diagnostics Japan, Tokyo, Japan) and ECLusys CA19-9 (Roche Diagnostics Japan) on cobas ® 8000e series (Roche Diagnostics Japan).
Epitope analysis for survivin. The constructed survivin expression vector was used as a template and the expression vectors for exons 1-2, 3 and 4 of each protein were constructed using the following primers: Survivin 1: forward, 5'-CACCATGGGTGCCCCGACGTTG-3' and reverse, 5'-TCATATGGGGTCGTCATCTGG-3'; survivin 2: forward, 5'-CACCGAGGAACATAAAAAGCA-3' and reverse, 5'-TCAAATTTTGTTCTTGGCTCT-3'; and survivin 3: forward, 5'-CACCCTGGACAGAGAAAGAGCC-3' and reverse, 5'-TCAATCCATGGCAGCCAGCTGCT-3'. The recombinant protein for each exon was purified using the HisTrap FF crude kit (GE Healthcare Bio-Sciences AB) following transformation by BL21 competent cells. ELISA was performed using these proteins and the reactivity of the sera obtained from the patients was assessed.
Results
Pre-absorption test. The commercially available antibody was pre-incubated with the commercially available recombinant antigen (30 mg/l) for 2 h at 37˚C and then subjected to ELISA using the plate coated with our recombinant antigen, to determinine the analytical specificity of our own recombinant protein for each antigen. In addition, we also performed ELISA using the plate coated with the commercial recombinant antigen. For survivin and livin, both experiments revealed a significant decrease in the measured value, indicating absorption of the antibody (Fig. 1) . However, for XIAP, the reactivity between the commercially available antibody and antigen was low and, therefore, the experiment could not be performed (data not shown).
Analysis of autoantibody isotype and subclass. Using sera from 15 patients with colon cancer, we analyzed the subclasses of the anti-survivin autoantibody that reacted to their own recombinant antigens. Among IgG, IgA and IgM, the difference in reactivity was the least for IgG (Fig. 2A) . Moreover, the differences in the IgG subclasses were examined and IgG1 exhibited the least significant difference among all patients compared to IgG2, IgG3 and IgG4 (Fig. 2B) .
Epitope analysis. Using the recombinant proteins for exons 1-2, 3 and 4 of survivin, the difference in reactivity was examined in 6 patients with colon cancer. As a result, apparent reactivity was observed in the sets for all exons and all patients, leading to a higher measured value compared to the negative control samples without sera (data not shown). Consequently, no apparent specificity in the reactivity of antibodies in the sera was observed and it was suggested that our ELISA system for survivin has universality from the point of potential clinical use. Standard curve. As seen in Fig. 3 , our recombinant antigens and the diluted, commercially available antibodies for survivin, livin and XIAP were subjected to ELISA and used to draw a standard curve to obtain the actual values of serum antibody concentrations. We obtained an almost linear association for a wide range of concentrations for each set of antigen-antibody (Fig. 3) .
Autoantibody expression profile in patient sera. The positivity of each antibody was assessed using a cutoff of the mean + 2 standard deviations (SDs) of the measured values in healthy individuals to determine the clinical utility of autoantibodies against IAPs. In all the cancer patients, among all the IAP autoantibodies, the anti-survivin antibody exhibited the highest positivity rate using a single assay (Table I ). The positivity rate of the survivin autoantibody was relatively lower compared to that of CEA, but was similar to that of the anti-p53 antibody. In the analysis by cancer stage, the positivity rate of the anti-survivin antibody was the highest in stage 0 (cancer in adenoma) of the tumor, but anti-p53 antibody was not detected in any of the patients. By contrast, the anti-p53 antibody exhibited the highest positivity rate in patients with stage I and CEA exhibited the highest positivity rate in patients with stage IV disease. We then compared the positivity using combinations of all the markers. In all the patients, the combination of anti-survivin antibody and CEA exhibited the highest positivity rate, leading to a diagnosis of 50% of cancers (Table I) . Furthermore, in the analysis by stage, the combination of the anti-survivin antibody and CEA exhibited a significantly high positivity rate in stage IV tumors, reflecting the high positivity of only CEA. By contrast, for early-stage tumors (stages 0-I), there was complete independence between the anti-survivin and anti-p53 antibodies, resulting in the highest positivity rate (35.6%) when testing the combination of the two. Furthermore, in 250 patients with colon adenoma, the anti-survivin antibody exhibited the highest positivity rate among all markers (Table II) .
As regards the size of the adenoma in the patients positive for any anti-IAP antibodies, the average size (6.4 mm) was not significantly different compared to that in all the patients (7.0 mm). In addition, the average size (6.5 mm) in the patients positive for anti-survivin antibody did not differ compared to that in the patients positive for any anti-IAP antibodies (plotting data not shown). In the analysis of positivity determined by morphological type, there was no significant difference between the patients positive for any anti-IAP antibodies and those positive for anti-survivin antibody (Table III) .
Discussion
In this study, we demonstrated the diagnostic relevance of detecting autoantibodies against IAPs, particularly survivin, as compared to other tumor markers in colon cancer. In the comparison among IAPs, the positivity in a single assay was the highest (24.2%) for anti-survivin antibody. As regards the positivity of anti-survivin antibody, Rohayem et al (14) reported a relatively lower positivity rate (8.2%; 4/49) in patients with colorectal cancer using their ELISA protocol. By contrast, Chen et al (18) reported high positivity (sensitivity, 56.9%) in patients with colon cancer. This significant difference by different investigators is mainly attributed to the criteria for establishing a cutoff value. Rohayem et al (14) established a strict cutoff of the mean + 3 SDs and their data lead to a higher positivity when the cutoff was set as the mean + 2 SDs. Chen et al (18) established the cutoff using different criteria (Yowden's index from receiver operating characteristic curve analysis: sensitivity, +; specificity, -1); therefore, healthy volunteers exhibited a higher positivity rate (percentage of pseudo-positive patients, 35.9%) compared to the results of our study (8.1%; 5/62; actual plotting data not shown).
As regards other IAPs, anti-XIAP antibody also exhibited a relatively high positivity rate; no significant increase in positivity was observed with the combination of anti-XIAP and anti-survivin antibodies (29.0%; 51/176), reflecting the similar expression profile of these antibodies (actual plotting data not shown). By contrast, the ability of anti-livin antibody to detect colon cancer was apparently low throughout all stages, which was consistent with the relatively lower expression of the livin protein in colon cancer (22) .
As described in previous studies (9, 14, 15, 20) , the anti-p53 antibody may also detect colon cancer and we observed a similar positivity for anti-p53 and anti-survivin antibodies. As regards the expression profile of anti-survivin and anti-p53 antibodies, the positivity in the combination assay in each stage of the tumor has not been elucidated. Our study demonstrated the complete independence in the reactivity of anti-survivin and anti-p53 antibodies, resulting in the highest positivity rate when tested together, particularly in early-stage colon cancer (stages 0-I). An advantage in measuring anti-survivin antibody was also shown for other stages, particularly stage IV, in which we confirmed a different positivity rate for the anti-survivin antibody compared to the anti-p53 antibody. These findings are considered to be consistent with the low correlation between the two antibodies that was reported in the study by Rohayem et al (14) . On combining with other well-established tumor markers, CEA and anti-survivin antibody exhibited the highest positivity among IAPs, reflecting the significantly high positivity rate of CEA in advanced-stage tumors.
In the analysis using the patients with colon adenoma, anti-survivin antibody detected a higher number of patients compared to the anti-p53 antibody. Taken together with the results of patients with carcinoma, we established the significance of measuring anti-survivin antibody for the diagnosis of early-stage carcinogenesis. As regards application in the clinical setting, based on the results from patients with colon adenoma and cancer, the patients exhibiting positivity for anti-survivin antibody or for the combination of anti-survivin and anti-p53 antibodies should be investigated and treated by endoscopy.
In this study, we analyzed epitopes for their reaction with anti-survivin antibodies in patients' sera. Previous studies have identified several splicing variants resulting in protein deletion or additional protein insertion (23) . When autoantibodies in the serum recognize only limited and specific epitopes, a limited number of patients with survivin variants may not be detected. Therefore, we constructed 3 recombinant proteins for exons 1-2, 3 and 4 of survivin and investigated the reactivity using patients' sera. In contrast to our predictions, sera from all 6 patients reacted to all recombinant proteins, indicating that the autoantibodies in the serum are able to recognize multiple epitopes, but not specific and limited epitopes. Consequently, we provided the first evidence on the non-specific reactivity of autoantibodies against survivin, indicating the universality of our ELISA system.
